Abstract-This study focuses on the seals of validation, sealing written documents, used in the Western Middle Ages, especially wax seals. We use THz spectroscopy and imaging for nondestructive evaluation of natural materials within those seals. Using a time domain THz spectroscopy and imaging system, THz transmission images are generated in the 0.1-3 THz range and demonstrate that the spectral properties of these materials allow to see across and under a thick layer of old wax.
I. INTRODUCTION AND BACKGROUND
igillography is a historical science that studies the seals (use, functions, object-sign), signs of power born in the cultural community of the Near-East, where they are documented from the seventh millennium BC, then gradually released to the Far-East and the West. A seal represents a person of authority, physical person or institution, and serves as a quality label or a legal instrument, according to its nature. A seal impression (commonly seal) is obtained by pressing a die, engraved with a negative image, on a malleable material (essentially wax, lead, wafer... in the West). Used to authenticate written documents in the European legal system, seals are a source document dated (place and time) by the written instrument linked, they identify their owner by a codified image. Again, symbolically hair can sometimes be inserted in the seals and finger marks impressed on their back. That constitutes human biological material and anthropometric data, dated and numerous. In the seal, therefore, we have a source that not only gives access to a social being and the organization of the cultural community, but also to biological man and his environment (waxes, fibers of various types). In short, seals are an attractive historical and art research field.
By nature, wax seals are very fragile, the source is thus worthy of study materials Their fragility is a crucial drawback to be overcome, to preserve this extraordinary patrimony. The results will be directly useful for the physical preservation and historical research.
Recently, terahertz time-domain spectroscopic (THz-TDS) imaging has become an interesting and powerful tool for nondestructive testing and other applications. In the field of nondestructive testing, and spectroscopic analysis, it is mandatory not only to visualize the samples but also to map its chemical composition. For this purpose, THz waves display attractive features such as good penetration depth, low scattering, free-space propagation, low photon energy, good beam coherence and broad spectral bandwidth.
In this work, we characterize the dielectric response of several natural wax compounds in the terahertz spectral range and parchment tags. Due to low absorption level for certain wax materials, we will show the capabilities offered by THz spectroscopy and terahertz imaging with original medieval samples.
II. RESULTS
For the experiment, we use a standard THz-TDS transmission setup. This set up provides a frequency response up to 3 THz. Some samples are presented in fig1. Data on the physical chemistry of waxes are complex and difficult to obtain [1] . For example, the different colors of seals have been achieved by the addition of different metallic oxides. We can also found within the seals the addition of ancient fibers (coming from animals or human). Nevertheless, we propose to pragmatically analyze the THz dielectric responses of some waxes and wax mixtures [2] . Then, we will present the dielectric properties of the basic materials and we keep in mind that these results is an insight on the average values for extracted physical parameters and clearly the characterization of real old seals will probably gave different results due to the different technological process, materials ,chemical reaction and ageing. The second complexity came from the different shapes and thicknesses from sample to sample.
III. CONCLUSION THz imaging is applied to nondestructive evaluation of original seals. Pragmatic analysis of the spectral properties of these materials shows that the THz absorbance is sufficient low to analyze spectral properties of foreign inclusion and see extra sigillum notes under a thick layer of old basic materials. The study, the appreciation and, in particular, the preservation and restoration of the seals will interest and propose a tool to preserve old archives, participate to the enhancement of this immense cultural patrimony that seals are.
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